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(54) Proximity exposure device wfth cHetanoe adjustment device 



(57) A proximity exposure device with a distance 
a$uetment device in wt^ euffteent determination sen- 
sitivity can be cttained even in areas with a lew reflect- 
ance factor, such as on a glass surface , is acN eved by 
a distance measurement part having a light source lor 
measurement purposes, a pinhole plate, an objective 
lens, a ftght detection device and the ike. light emerging 
form the Bght source for measurement purposes being 
enrtsdviethepinfrtepleJeanrfcfc 
mask surlacsAwrkpiece surface, and ight reflected 
thereby is detected via the objective lens and pinhole 
plate by the Bght detection device. If the mask sur- 
facatairtyiece surface is located at the focal point of 
the objective lens on the object side, reflected light with 
high intensity Is Incident In the fight detection device. To 
measure the distance between the mask and work- 
piece, the distance measurement part is moved in the 
Z-cfirection and two peaks of intensity of the reflected 
light of mask M and workplace W are determined. 
Basad on the position of the distance measurement part 
at this time, the distance between the mask and work- 
piece is determined. After measuring the distance 
between the mask and workplace, the distance 
between the mask and worfpiecs is set to the desired 
value and exposure is performed. 
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Description 

The invention relates to e proximity exposure 
device with e distance adjustment device lor setting the 
distance between a mask and a workplace. 

In proximity exposure, a mask and a workpiece are 
fixed adjacent to one another, essentia^ parallel light is 
emitted from the mask side onto the workpiece, 
between the mask and the workpiece a microscopically 
srml intermediate space being formed, and thus, the 
mask pattern is fransferred onto the woriaJece. 

The reason that a rricroecoptealy ermH irtermedh 
ate space is formed betwe^trteworkpiecaarrtmaskis 
to avoid various types of damage, such as scratches on 
the mask or the workpiece by rorttact the mask with 
the workplace, mask impurities due to adhesion of a 
photo-resist film and the like formed on the workpiece 
on the mask, and similar damage. 

To adjust the microscopically smal Intermediate 
space between the mask and workpiece, a process is 
conditionally used in which a strip, a sphere, and the 
like of metal or resin is inserted between the mask and 
workpiece as a spacer. In thai process, the desired dis- 
tance can be easily adjusted if the thickness of the 
spacer is sei ected (measured) beforehand. 

This process prevents the mask and workpiece 
from coming into contact with one another over their 
entire surface. Therefore, the above described damage 
to which the mask and workpiece are subject can be 
reduced. Since, however as before, the mask and work- 
piece are partially in contact with one another via the 
spacer, the above described damage cannot be com- 
pletely prevented. 

To eliminate the above described detect for exam- 
ple. Japanese patent disclosure document HEI 3-38024 
and Japanese patent disclosure document HE 1 3-38025 
suggested measures. hr» the technology described in 
these two publications, there is a means tor distance 
measurement and the described distance is set without 
contact of the mask with the workpiece. In this case, at 
three points within the mask surfacs/workpiece surface 
the distance is measured, the t'k of the workpiece car* 
rier is adjusted such that the distances at the three 
points become the desired distances, and thus, the 
desired distance is reached without contact 

In the process described in the two aforementioned 
pubficatfons tor distance measurement, in an optical 
system tor measurement purposes, there is a mask on 
which a strip-tike pattern is formed which it projected on 
the workpiece end mask, projected images being 
observed. Based on the difference between the position 
at which the projection image is focused on the mask, 
and the position at which the projection image is 
focused on the workpiece, the size of the distance is 
measured. 

Furthermore, dtetance measurement processes tor 
the same purpose are taown from Japanese patent dis- 
closure document SHO-63- 138730. Japanese patent 



disclosure document HE I 5-226215. Japanese patent 
Disclosure document HEI 8-5486, and Japanese patent 
disclosure document HEI 8-283400 and the like. 

In the technology described in Japanese patent dts- 

5 closure document SHO 63-138730, using an aricon, a 
halo (light ring) is formed which is emitted onto a mask 
and a workpiece. reflected light being picked up by a 
photo detector ol the ctoutte ririg ty^ 
ent lengths of the optical path, as a result ol the distance 

io between the mask and the workpiece, the size of the 
halo reflected by the mask others from the size of the 
halo reflected by the wortpiece. This drfference is deter- 
mined by the photo detector of the double ring type, by 
which the value of the dtetance is measured. 

15 In the technology described in Japanese patent dis- 
closure document HEI 5-228215, there are beam-opti- 
cal components, such as a diffraction grating, a zone 
plate, a grating lens and the like at locations on the 
mask where a measurement is desired. A Bght flux is 

so obliquely incident through the aforementioned compo- 
nents in the workpiece and is reflected. The location of 
the spot of reflected tight which has passed again 
through the beam-optical co mp on e nt s and which has 
an angle of reflection which has been changed, is 

25 measured by means of a line sensor, by which the value 
of the distance is measured. 

In the technology described in Japanese patent dis- 
closure document HEI 6-5486, light from the bottom of 
the workpiece is obliquely incident. In a light receiving 

$o part which is Ifcewise located on the bottom of the work- 
piece, the amount of deviation of the position of the light 
reflected from the mask surface from the position of the 
light reflected by the workpiece surface is determined, 
by which the amount of dtetance is measured. 

35 In the technology described in Japanese patent dis- 
closure document HEI 6-283400. a parallel light flux 
from the side of the mask and the worf^ece te citfquely 
incident on the sides of the rriask/wortpiece. Ether the 
intensity of the light which is broken by the masWwork- 

40 piece and has passed through, or the intensity of the 
light which has passed through the intermediate space, 
is measured. Here, the size of the distance is measured 
by using the relatfonshlp between the light intensity and 
the size of the distance. 

45 In the above described prior art, the disadvantages 
are as follows: 

(1) In the technology descrtoed in Japanese patent 
dtedosure document HEI 3-38024, at measure- 

50 ment points of the mask and workpiece. reflection 
fims are formed which reflect light to obtain 
reflected light intensity sufficient tor observation of 
projected images 

Since here the measurable locations are fcm- 

55 fted to those where reflection films are formed, a 
measurement cannot be taken just anywhere on 
the niaskftvortyiece. The measurement areas are 
provided with reflection films which are unneces- 
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sary tor a corrponent tor example, of a IqukJ crys- 
tal dfeplay device or the lika which ia to be 
produced Therefore, ft ia neceaaary to safeguard 
an area on the worlylece tor m e a s u rement except 
torlhearaalnwrichtieoon^ponertiatorfned. Aaa 0 
resist, thare ia the dtaadvantage of a poor degree of 
utilization of the wortpiece material. Furthermore, 
there ia the dtoadvantege of an increase of produc- 
tion coata becauae, in the caae of later removal of 
the reflection ftna, a proceaa for removal erf the to 
reflection flma is added to the production process. 

(2) In the technology described In Japanese patent 
disclosure document HE I 3*38025. in which the 
technology deacribed in Japanese patent dtecio- 15 
sure document HEI 3-38024 is improved, reflection 
rUrna are unnecessary. Aa tofcws from the publica- 
tion, In the case of a smell distance b etween the 
mask and wcrtpece a dear, ttip-lfee pattern can- 
not be obtained became the intensity of the light 20 
reflected by the meek ia eesentialy the same aa the 
Intenaity of the light reflected by the worVpiece and 
interference occurs. 

Therefore, first of til, when the distance 
between the mask and workplace at which no inter- 25 
farance occurs ia sufficient a measurement is 
taken. Afterwards, the distance le reduced until a 
dfctance tor actual exposure ia reached and the 
exposu r e is performed. Therefore, H cannot be 
cfrectr/ccrtirrnedwhethe/to in 90 

fact exposure ie performed has the desired vaJue. 

The accuracy of the distance acjustment dur- 
ing exposure is determined by the accuracy of the 
movement device which sets the distance during 
measurement to the exposure distance. Therefore, 35 
there is the disadvantage that movement errors can 
neither be confirmed nor corrected, even if they are 
present 

(3) in the technology described in Japanese patent 40 
disclosure document SHO 63-138730, the disad- 
vantage is the same as in Japanese patent disdo 
sure document HEI 3-38025 because, in the case 

of a emaU distance, the intensity of the ight 
reflected by the mask is essentialy the same as the 45 
intensity of the Kght reflected by the workpiece, 
interference occurs, and a clear halo cannot be 
obtained. 

(4) In the technology described in Japanese patent to 
disclosure document HEI 5-226215, it Is necessary 

to locate beam-optical components, such as a dif- 
fraction grating, a rone plate, a grating lena and the 
like, at the locations on the mask where measure- 
ment is desired. Therefore, there are the disadvan- 55 
tages that a measurement cannot be taken just 
anywhere and the mask is costfy. 



(5) In the technology described in Japanese patent 
rJsdosure document HEI 6-5486, it is necessary to 
insert the Icjrt source tor purposes of measurement 
and the fight detection part underneath the work- 
piece, i.e. within tie workpiece earner, which holds 
the wortyece stationary. For this reason, the 
arrangement of the worfe>ece carrier is extremely 
fruited. Furthermore, thare Is the disadvantage that 
a measurement outside of the location where it is 
inserted cannot be taken, and therefore, measure- 
ment just anywhere Is not possible. 

(6) In the t e chnology described in Japanese patent 
disclosure document HEI 6-283400, based on the 
feature of the measurement process in a measure- 
ment of the canter areas of the rnasWwcriqrtece. 
the light Intensity information is obtained as a resUt 
of the dtatance between the center areas together 
with the tight intensity frrtormation based on the dis- 
tance between the Cirtside per^pr>e^^d are^ There- 
tore, there is the disadvantage that the distance 
between the center areas cannot be exactly meas- 
ured. This dsadvantage becomes more pro- 
nounced, the larger the rnaskAvorkpiece. As a 
result this technology cannot be used, especially in 
tie case of treatment of a large mask/large work- 
piece as In the production of a video display ele- 
ment such aa a liquid crystal display device 
element and the tike. 

The invention was devised to eliminate the above 
descrtoed disadvantages in the prior art Therefore, a 
first object is to devise e rxaxkrwty exposure device with 
a distance adjustment device In which it is not neces- 
sary to produce reflection f 9ms, beam-optical elements 
and the like on the rnask/workpiece, so that distance 
measurement is possible anywhere on the mask sur- 
face/worlqjiece surface, and sufficient determination 
sensitivity can be obtained even in areas with a lew 
reflection factor, such as on a glass surface. 

A second object of the invention is to devise a prox- 
imity exposure device with a dstance adjustment device 
in which measurement of a smaJ distance is posstte 
wfthout the Insertion of a measurement part and the like 
within the workpiece carrier, and the distance can be 
measured and confirmed with high accuracy at the cu- 
tanea at which exposure is performed. 

A third object of the invention is to devise a prcxim- 
rty exposure device with a distance adjustment device In 
which a cross sectional shape from a light source for 
purposes of measurement on the surface is formed on 
which the mask pattern is erKonpassetlbytheshapeof 
at least one opening formed on the mask, the light is not 
covered by an area of the mask having a high reflect- 
ance lector, such as a metal fim or the tike, and also in 
a workpiece with low reflectance factor which is formed 
from glass or th e Hka, the intensity of the light reflected 
by the mask and the intensity of the Hght reflected by me 
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workpiece cm be made essential ry the sum. 

A fourth object of th# invention is to devise a prox- 
imity exposure device with t dttance «d|usinent device 
in which fluctuation of the lght Intenety of the Ight 
source tor measurement purpoeee fs corrected end the s 
dstance can be measured w*h high accuracy. 

The above described objects are achieved accord- 
ing to the kwention as Mows* 

(1) In a proximity exposure device which has an to 
ultraviolet Irradiation part lor insolation with UV 
racfiation, a mask carrier part for holding the mask 
stationary, a workplace carrier part tor he*** a 
workpiece stationary in a state in which the work- 
piece is atfacent to but at a Distance from themesK is 
and a distance caferalion device which is con- 
nected to the workplace earner and adjust* the dis- 
tance between the wortpiece and the mask, there 
are advance rr^asuremert part a tor mov- 
ing the distance measurement part which conHnu- so 
ousfy or incrementally moves the distance 
measurement part in a direction perpendtoUar to 
the mask and workpiece> a position detector for 
determining the position of the distance measure- 
ment part, and an arithmetic and logic unit tor com- 26 
outing the distance between the mask and 
workpiece, in the distance measurement part there 
being a light source for measurement purposes, a 
beam splitter, s pinhole plats, an objective lens and 

a light detection device. A igjrt source tar measure- so 
ment purposes is arranged such that the BgW emit- 
ted from this Ight source is focused via the beam 
spftter onto the pinhole plate. The pinhole plate is 
located at a site which represents the tocal point of 
the objective lens which it opposite the focei point x 
on the object side and where the Ight from the light 
source tor measurement purposes which has 
passed through the pinhole plate Is focused on the 
tocal point on the object side of the objective lens. 
The Ight detection device is located at a sitewhere * 
the Stfrt It detected which has been reflected by the 
mask and workpiece, and which haa passed 
through the objective lens, at least one pinhole, and 
the beam spltter. The value of the distance 
between the mask and workpiece is computed 45 
based on the intensity of the output signal from the 
Ight detection device and based on the output slg- 
naJ from the position detector by the arithmetic and 
logic unit 

so 

(2) The objects are furthermore achieved in accord- 
ance with the Invention by the at least one pinhole 
of the pinhole plate being formed of a collection of 
several pinholes, m solution (1). 

50 

(3) The objects are furthermore achieved according 
to the invention by there being a second light detec- 
tion device in the distance measurement part, in 



solutions (1) and (2), by the beam splitter being 
aligned such that the light from the Ight source for 
measurement purposes is drvided Into two parts, 
one part of which is radiated onto t» pinhole plate 
and the other pert of which is incident on the sec- 
ond fio+it detection device, by the out** signals 
from the Ight detection device and second light 
detection device being computed in the arithmetic 
and logic unit, and thus, fluctuation of the light 
intensity of the Ight source tor measurement pur- 
poses Is corrected. 

(4) The objects am furthermore, achieved in 
atcordajicewrtitheinvento 

spktier being used as the beam spMtter, in solutions 
(1), (2) and (3). by the light emitted from the light 
source for measurement purposes being polarized 
in the first polarization direction by this polarizing 
beam splitter, and at the same time, this light with 
the first polarization direction being passed, by light 
with the second polarization direction which differs 
from the first polarization directton being incident on 
the Ight detection device, and furthermore, by a 
quarter wave plate being located in the optical path 
between the pinhole plate and the focal point on the 
object side, by which quarter wave plate the light 
polarized by the potariztog beam splitter with the 
first polarization c&rectkxi ie converted into a circu- 
lar polarization, and at the same time, the light 
reflected by the mask and workpiece with trie circu- 
lar polarization is converted into light with the sec- 
ond polarization direction. 

(5) The objects are, furthermore, achieved accord- 
ing to the Invention by there being a second tight 
source and image detection element in the distance 
measurement part, in solutions (1). (2), (3) and (4), 
by tie second light source being located at a site 
where the Ight emitted from this fight source is irra- 
diated through the objective tons onto the mask and 
workpiece, and by the image detection element 
being located at a site where the images of the 
mask and workpiece are detected. 

(6) The objects are furthermore achieved in accord- 
ance with the invention by a mask being used for 
purpoeee of production of an image display ele- 
ment in solutions (1). (2), (3), (4). and (5), and by 
the cross sectional shape of the light flux from the 
ight source for measurement purposes being 
formed on a surface on which the mask pattern of a 
shape which can be encompassed by an opening 
formed in the mask pattern area. 

(7) in addrtion to a proximity exposure device, the 
invention also relates to a process for determining 
the distance between the mask and a workpiece. 
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In the invention according to solution (1), to meas- 
ure the distance between toe mask and worlspiece, a 
projactad Image as described abovt is not used. Here, 
the intensity of the Ight reflected by tha mask surface 
and tha light reflected by tha workpiece surfaca ia used. s 
Therefore, also In araas with a low rafiactanco factor, 
such as on a glass surface, sufficient data r rnw rnt ion 
sensitivity is obtain ad. It Is, tharafora, not naoasaary to 
pravida raf (action films, beam-optical oomponants and 
tha tiks on the mask and wortqpiece. Thua, a measure- 10 
mem ariywbere on the rTa^ surtax 
face is enabled. Furthermore, the mask is prevented 
from being expensive. 

Also, by tha arrangement of a pinhole at tha focal 
point of the objective lens which is opposite the focal is 
point on the object aide, tha light reflected by a surface 
to be measured cannot, for the moat part pass through 
the pinhole and be incident on tha light detection device, 
even if tha surface to be measured deviates from the 
focal point of the objective lens on the object side only to 20 
a small degree. Therefore, even in the case of a small 
distance, it is potstta to separate tha light reflected by 
the mask from the ight reflected by the wortqoiece with 
a high intensity ratio. Interference of the Ught reflected 
by the mask with the tight reflected by the workplace k 
therefore does not occur. 

Therefore, measurement and confirmation of the 
distance during exposure is possible with high accuracy. 

Furthermore. His not necessary to execute a spe- 
cial sequence for measurement $0 

tn addition, tha accuracy of tha distance setting is 
prevented from being influenced by the accuracy of the 
movement device. 

Moreover, it becomes possible to locate the dis- 
tance measurement part on the mask side. Therefore, it » 
is unnecessary to insert the measurement part within 
the wonfriece carrier. Aa a result the arrangement of 
the workplace carrier is not limited and measurement 
anywhere is possible- Especially in a measurement of 
the center areas of the mask and workplace, the mass- 40 
urement result is prevented from being influenced by 
the distance between the outer peripheral areas. 
Accordingly, distance measurement with high accuracy 
is obtainable anywhere on even a ia/ge mask and large 
workplace. 45 

In the invention according to solution (2). by the 
above described measure that at least one pinhole is 
formed of a collection of several pinholes, even for a 
workpiece with a low reflectance factor, as in a glass 
workplace, sufficient intensity of the reflected light can so 
be obtained and the Ight reflected from the mask can be 
advantageously separated from the Hgtrt reflected by 
the workpiece. 

This means that a signal with a good SVN ratio can 
be obtained and a measurement taken with high accu- ss 
racy if tha intensity of the reflected ight is to some 
extent large. In the case of a distance measurement in 
me manufacture of a video display element for exam- 



pie, a liquid crystal display device element a plasma 
dteptay panel (POP) and the Ike the wortytece is made 
of at least of translucent glass. The Hrjrt reflectance fac- 
tor in the case of such a glass wortyett 
or less. In distance measurement therefore, under cer- 
tain circumstances sufficient intensity of the reflected 
fight cannot be obtained. Hera, there is tha danger that 
the measurement accuracy ia reduced. 

If at least one pinhole is enlarged to obtain high 
Intensity of tha reflected ight the reflected ight which 
can pass through at least one pinhole increases, even if 
the surface of the mask or workpiece to be measured 
debates from the focal point of the objective lens on the 
object side. The ight reflected by the mask and tha light 
reflected by tha workplace are incident on top of one 
another on the light detection device Hare, it is there- 
fore difficult to advantageously keep the ight reflected 
by the mask and the ight reflected by the workpiece 
apart 

If, on the other hand, tha pinhole formed of a collec- 
tion of several pinholes, as was described above, the 
intensity of the reflected light which is incident in the 
light detection device can be increased without increas- 
ing tha size of the pinhole. Therefore, even in the case 
of a workpiece with a relatively low reflection factor, 
such as a glass workpiece, a measurement with high 
accuracy is enabled. 

tn the invention according to solution (3), in the dis- 
tance measurement part there is a second Ught detec- 
tion device and by computing tha output signals from 
the ight detection device and the second light detection 
device the fluctuation of the ight intensity of the ight 
source tor purposes of measurement is corrected, as 
described above. Therefore, when the Ught intensity of 
the ight source for measurement purposes fluctuates 
due to a fluctuation of the power source and the ike. a 
measurement with high accuracy can be taken without 
being influenced by the fluctuation of fight intensity of 
the light source for purposes of measurement 

In the invention according to solution (4). a polariz- 
ing beam spitter is used as the beam splitter, as was 
described above. Furthermore, a quarter wave plate is 
located in the optical path between the pinhole plate 
and the focai point on the object side. This can prevent 
the light reflected by tha pinhole plate from being inci- 
dent on tha light detection device. Therefore, the S/N 
ratio can be increased and a measurement taken with 
high accuracy. 

In the invention according to solution (5), the above 
described arrangement of a second ight source and an 
image detection element makes rt possible to detect the 
images of the mask and workpiece. In this way, the stte 
to be measured can be easily positioned and the site to 
be measured can be positioned exactly to the mask 
opening, even if the workpiece is a video display ele- 
ment such as a liquid crystal display device element a 
plasma dispiay panel, and the tike. 

In the invention according to solution (6). the cross 
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Mdioral shape of the fight flux from the Ight source tor 
measurement purposes it formed on the surface on 
which the meek pattern of e shape which can be 
encompaaseo oy an opening vorrneo vi vie masx pax* 
tern area, aa was descrtoed above. Th e KN ia therefore 
prevented torn being masked by the metaVc toH of the 
mask. The intensity of the Ight reflected by tie mask is, 
therefore, prevented from becoming extremely large. 
Thus, the intensity of the light reflected by the mask and 
the intensity of tie light reflected by the worf^iece can 
thus be made essentialy the same in a workpiece with 
a low reflectance factor, such as a glaee worf^iece. 
Thus, dfatance measurement with high accuracy 
becomes possMe. 

For a dfatance measurement with high accuracy, it 
is a good idea to make the Intensity of the Ight reflected 
by the mask and the intensity of the ight reflected by the 
wortyiece as equal as poeefci* If one of the two is 
extremely large, tie signal of the weaker reflected Ight 
is covered by the signal of the stronger reflected Hght 
Consequent^ the Bght reflected by the mask cannot be 
separated from the light reflected by the workpiece. 

To form the mask pattern, generally, a metaJDc film 
isused.suchasachrorrwmfBmortheUke.The retlect- 
ance factor of a metaHc fim ia very high, and in the case 
of a chromium fim is roughly 90 to 70%. The reflectance 
factor In the case of a glass wori^Jece, which can be 
used for producing a liquid crystal display device ele- 
ment or the like, is roughry 4% or less. Therefore, in the 
case of distance measurement H the ight flux radiated 
from tie light source tor measurement purposes, when 
passing through the mask from the area of the chro- 
mium film, is incident on the area of the Cr film and is 
masked by it, strong reflected light from the chromium 
fUm is tormsd by which the intensity of the Ight reflected 
by the mask is essentially greater than the intensity of 
the light reflected by the wortqriece. As a result a dis- 
tance measurement wHh high accuracy cannot be 
obtained. 

A workpieoe of a video display element such as a 
liquid crystal dfapiay device eleme nt a plaama dfaptay 
panel, and the fee, ie comprised for the most part of 
pixel parts which are often used In distance measure* 

■ * I** tj. mS* n i n rli i n*?n n 

mentei me» prooucoon. 

In the case of producing a color titer and the like, in 
a mask, there is usualy one opening per pixel. In a liq- 
uid crystal dfaptay device element recently one pixel is 
divided into several pbcefa in order to improve the angle 
of view field. Hen, an alignment layer in a certain area 
within one pixel is irradiated with ultraviolet radMon so 
that the property of the aflgnment layer Is selectively 
activated. In this case. In a mask, there fa at least one 
opening per pixel which ft formed by dividing « pcxeJ into 
smai parts. 

The above described measure, that the cross-sec- 
tional shape of the Bght flux from the Ight source for 
measurement purposes is a shape which can be 
encompassed by the above described opening formed 



ki the mask pattern area, therefore prevents the light 
from the Ight source for measurement purposes from 
being masked by the area of the chrorri urn film The dis- 
acfcantige that the Ight reflected by the mask and the 
5 Ight reflected by the worie>ece cannot be kept apart fa, 
therefore, eftrrtinetsd. Thus, a measurement with high 
accuracy can be obtained. 

In the following, the invention fa further described 
using several embodfenents shown in tie drawings. 

to 

Rg. 1 shows a schematic of the arrangement of one 
embodiment of the proximity exposure device of the 

invention; 

is Rg. 2 shows a schem a tic of the arrangement of a 
nrst ernDoomern or me owiance measurement pan 

of the Invention; 

Rg. 3 shows an arrangement ol the pinholes on the 
so pinhole plate of one example; 

Rg. 4 shows a schematic of the image of the 
reflected Ight via several pinholes on the light 
detection surface of a first tight detection device; 

26 

Rg. 5 shows a schematic of the arr a ngement of a 
second embodiment of the dfatance measurement 
part according to the invention; 

30 Rg. 6 shows a schematic of a pixel of a odor bquid 
crystal eel and a projected image of a pinhole in 
one example. 

Rg. 1 schematfoaly shows the arrangement of a 

as proximity exposure device in accordance with one 
embodiment of tie present invention which is oon> 
prtoed of a UV Irrsdteson part 1 having a UV lamp la tor 
emitting Ight containing UV radiation, a focusing mirror 
lb tor focusing the eght emitted by the UV lamp 1a, a 

40 first mirror 1c, an integrator lens 1d, a shutter 1 e, and a 
ooMmating mirror comprised ol a concave mirror 1f and 
a second mirror ig. 

The Ight emitted by the UV lamp 1a is focused by 
the focusing mirror 1b and is incident on the colimabng 

45 mirror If via the first mirror 1 c, integrator tens Id, shutter 
Ie, and second mirror Ig. The light emerging from colli- 
mating mirror 1f is emitted, via a mask M which fa 
attached to mask carrier 2, onto a workplace W seated 
onawortpiececamer3. Inthecaseofarsfatrvelysmall 

so irradfation surtacs, instead of the coexisting rrvror 1f, e 
ooHmetor can ateo be used. In this case, the mirror 1g 
is pointed downward. I.e. In a direction in which the light 
emerging from the integrator lens 1d is emitted onto the 
mask M. Mere, the cotti mating lens is located between 

86 mirror 1g and mask M. 

The workplace carrier 3 is installed above a dis- 
tance castration device 4 in an X-Y-1 -Z carrier S. The tilt 
and position (dfatance between mask M and workpiece 
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VS0tovM^t>6toparribo^(h«r«n«n«f csiiedthe-Z 
direction-) of the wortyfece 3 are subjected to fine 
adjustment using distance calibration device 4. 

The X-Y-1 -Z carrier 5 is driven by a wortpiece car- 
rier movement device 6 in the X-Y-1 -Z directions (e.g., s 
X: toward the right and left in the figure, Y: in a perpen- 
diaJar direction in and out of the page, 1: in a direction 
of rotation around an axis perpencScuiar to the X-Y 
directions, and Z: toward the tap and bottom of the 
page), by which workplace earner 3 is moved in the X-Y- to 
1-Z directions. 

A distance measurement part 10 which can be 
moved by means of a device above mask M (not shown 
in the drawing) for driving in the X-Y directions paraMei 
to the surface of mask M. By nicvir)gd«tarK» measure- is 
ment part 10 to any distance measuremenl point on the 
surface of mask M and the surface of wortpiece W, a 
distance measurement can be taken at several meas- 
urement points. Furthermore, a distance measurement 
can also be taken at several measurement points by 20 
posrtk)nir)gdtetaTicemeasuremem 
triertuntwofdtetancemeasurenieritpo^ 

Distance measurement part 10 can also be moved 
in the Z direction by a Z movement device 11 which is 
provided with a motor for moving the distance measure- ss 
ment part 10 via a spherical rotary spinc&e, a linear 
guide (not shown in the drawing) and tha tike. Further- 
more, the Z rncvernerrt device 1 1 for the distance meas- 
urement part is provided with an encoder 12 which 
functions as a position detector tor determining the posi- 5a 
tk>n and amount of movement of the distance measure- 
ment part 10. 

A control element 7 controls the UV irracfertion part 
1 , distance rneasurernent part 10, Z m oveme n t device 
1 1 and the wor^ece carrier movement device a The as 
output of the encoder which is located in the Z move- 
ment device 11 is sent to an arithmetic and logic unit 7a 
of the control element 7. 

Fig. 2 shows a schematic of the arrangement of a 
first embodment of the distance measurement part 10 40 
in which a first light source 100 is used for distance 
measurement and for which a laser diode is used fin 
this embodiment) because It enables high (Radiance to 
be obtained. For this reason, a halogen lamp, a xenon 
lamp, a LED and the like can be used. 45 

The light emerging from tha first Kght source 1 00 is 
convened by a lens 101 into essentially parallel light 
which is incident on a first beam splitter 102 and is 
divided by the first beam splitter 102. One part of the 
divided Ight is focused by a lens 103 on a pinhois plate so 
108 which Is located at the focal point of an objective 
lens 1 10 which is opposite the focal point on the object 
side, as described above. The other part of the light 
divided by first beam splitter 102 is incident via a lens 
106 in «sacondKgm detection device 107 which is post- es 
tfoned for determining the fluctuation of the ight inten- 
sity of first light source 100 and tor canceling the 
fluctuation, as described above. The signal determined 



by tie second light detection device 107 is sent asaref- 
erence intensity signal to the arfthnietk; and logic unit 7a 
of control element 7. 

Pinhole plate 108 is produced by vacuum evaporat- 
ing a chromium film on a glass on which openings are 
formed by etching. As is shown, tor example, in Fig. 3, 
openings with a dameter of 12 microns and at a dis- 
tance relative to one another of 48 microns are located 
within an area wrtti a diameter of 125 microns. 

A pinhole plate can also be used which is easily 
produced by providing openings in a metal toil having a 
thickness of a few hundred microns. A pinhole plate of 
glass is, however, more resistant to mechanical shocks 
and is less deformed and expanded by heat 

Light which has passed through pinhole plate 108 is 
deflected by the second beam splitter 109 through an 
angle of 90 degrees, is incident on objective lens 110 
and is focused on tha focal point on the object side. The 
size of the light flux st the focal point on the object side 
can be computed using formula in which the size is set 
as being equal to the reciprocal value of the magnifica- 
tion factor (nominal value) of the objective lens mufti- 
plied by the size of the pinhole. 

Mere, the rnagnffoation factor of the objective lens 
is defined by the magnification factor in the case of inci- 
dence of light from tha object side. In this case, the 
magnification factor is defined by the reciprocal value of 
the nominal value because the light is moving back- 
wards. 

In this ernbodiment. an objective lens 110 with 
magriftoation factor of 5x is used. The magnitude of the 
tight flux is produced by the special configuration of the 
pinhole piate such that in an area with a diameter of 25 
microns, light spots with a diameter of 2.4 microns are 
located next to one another at a distance from one 
another of 9.6 microns. In the case in which the surface 
{hereinafter "surface 120 to be measured") of mask M 
or workpiece W is at the focal point on the object side of 
objective lens 1 10, the surface to be measured is illumi- 
nated by the spot of Kght with a diameter of 25 microns 
with the above desenbed configuration. 

The Ight reflected from surface 1 20 to be measured 
again passes through objective lens 110 and second 
beam splitter 109 and is focused on pinhole plate 108. 
Here, the size of the light flux of reflected light on pin- 
hole plate 108 can be computed as being equal to the 
magnitude of the spot Bluminatkxi Kght on surface 120 
to be measured muttipfced by the magnification tactor of 
the objective lens 

The size of the light flux in this embedment is rep- 
resented by the fact that, in an area with a diameter ol 
1 25 microns, spots of fight with a diameter of 12 nrkrorts 
are located next to one another at a distance of 48 
microns from one another. 

In the case in which surface 120 to be measured is 
at the focal point of objective lens 1 10 on the object side 
the size of the light flux of reflected light is equal to the 
size of the pinhole. The reflected light can therefore 
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pass essentially completely through pinhole plate 108. 

The reflected light which hat passed through pin- 
hole plate 108 it converted by tana 103 essentially into 
parallel figfrt. Afterwards it Is deflected by first beam 
splitter 102 by an angle of 90 degree* Is focused by 
means of lane 104 In first light detection device 105 and 
Is incident thereon. 

Fig. 4 shows a schematic of the image of the fight 
reflected, via several pinholee located in pinhole plate 
108, on the light detection surface of first light detection 
device 1 05. The figure does not show first beam spfitter 
102and lens 103. si the case in which surface 120 to be 
measured is located at the toca) point of objective lens 
110 on the object side, on the tight detection surface of 
first fight detection device 105 the fight which has 
passed through the pinholee is imaged in a spot-like 
manner, as is shown in the drawing. 

In the case in which, tor first fight detection device 
1 05, a colecfon of smal fight detection elemen ts , such 
as CCD elements, is used, the sensitivity of the indrvid- 
ual small fight detection element exftbrts scatter. There- 
fore, when the position of the imaged spottc/it changes, 
there are cases In which the output of first light detection 
device 105 fluctuates. Furthermore, when using rela- 
tively large fight detection elements, such as photodi- 
odee, for first light detection device 105. as a result of 
the scatter which occurred In the prediction ol the light 
detection elements, depending on the site of the light 
detection surface, scatter of the sensitivity often occurs. 
As a result, there are cases in which the output of first 
light detection device 1 05 fluctuates. 

As was described above, by the arrangement of 
several pinholes in pinhole plate 108, the scatter of sen- 
sitivity of the fight detection elements with respect to the 
position of the light which Is Incident on first fight detec- 
tion device 105 can be averaged. Furthermore, the fluc- 
tuation of the output value from first light detection 
device 105, in case of vforation or position deviation of 
pinhole plate 108 and the fike, can be reduced. 

Furthermore, high sensitivity can be obtained by 
there being several pinholes. In the case of a stride pin- 
hole, to achieve high sensitivity the number of photons 
reaching light detection device 105 must be increased. 
For this reason, the irradiance of first fight source 100 
must be increased. However, if the irradiance Is 
increased, It Is possUe tor burning of first fight detection 
device 105 to occur. If there are several pinholes, con- 
versely, the number of photons which reach the first light 
detection device 105 per unit of time can be increased 
without increasing the irradiance of first fight source 
100. 

The signal of the intensity of the Hght which has 
been detected by first fight detection device 1 05 in the 
above described manner is sent to arithmetic and logic 
unit 7a. Arithmetic and logic unit 7a, by increasing the 
signal of the intensity of the fight which is incident on 
first light detection device 105, judges that the surface 
1 2 0 to be measured is located at the focal point on the 



object side. 

On the other hand, In the case in which surface 120 
to be measured is not located at the focal point of objec- 
tive lerw 110 on the object side, to 

5 source for measurement purposes blurs on surtace120 
to be measured, and therefore, becomee a strongly dis- 
persed apottght The reflected fight Ifcawtse blurs on 
pinhole plate 108, and therefore, continues to drffuse. 
Therefore, the reflected fight cannot, for the most 

io part, pass through pinhole plate 108 and is not incident 
in the first light detection device 105. Also In the case of 
several pinholes, the blurred light hardly passes though 
the adjacent pinhole because the pinholes have a suffi- 
cient spacing relative to one another of 48 microns. Fur- 

13 thermore, in the case in which the spot becomes so 
large that it covers the adjacent pinhole, the case in 
which the surface to be measured is located at the focal 
point of the objective lens on the object side, and the 
case In which it is not located there, can be Kept apart 

20 with a sufficient intensity ratio because the surface of 
the light which passes through the pinhole Is smaller 
than the area of the diffused spot to a sufficient degree. 

In the case in which surface 120 to be measured 
deviates only sOghtty from the toca] point of objective 

25 lens 1 10 on the object side, the intensity of the reflected 
light which is IrKtoem in first light detect 
greatly reduced, as was described above. Therefore, 
the light reflected from mask M and the fight reflected by 
workpiece W can be advantageously kept apart. 

so If, in this case, the intensity of the light emerging 
from first fight source 100 fluctuates, the intensity of the 
light Incident in first light detection device 1 05 also fluc- 
tuates. In this embed snent, therefore, there is second 
light detection device 107, as was described above. 

35 Thus, the intensity of the light emerging from first light 
source 100 is determined with a fluctuation which is 
canceled. 

From second light detection device 107, the light 
emerging from light source 100 which has been divided 

40 by first beam splitter 102 is detected and sent as a ref- 
erence Intensity signal to arithmetic and logic unit 7a. In 
arithmetic and logic unit 7a, the signal of the intensity of 
the tight detected by first tight detection device 105 is 
divided by the reference intensity signal and the f luctua- 

45 tion of the intensity of the light emerging from the light 
source 100 is equalized. 

Furthermore, in this embodiment to observe the 
measurement position, a second light source 111 serv- 
ing as an Wumination fight source, a lens 112. a third 

so beam splitter 113 and an image detection element 114 
are provided. A LED was used as second light source 
111. For this reason, however, as in first light source 
100. a laser diode or other fight source can be used. A 
CCD camera was used as the image detection element 

55 114. 

The fight emerging from second light source 111 
passes through third beam splitter 113. second beam 
splitter 109 and objective lens 110 and illuminates sur- 
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tec* 120 to be measured. The image of the sunmce to 
be measured pmn through objective tons 110, ••<> 
ondbMmt^>«^1C^andt)irdb^^lir 113 and 
is imaged tylem 115 on triage o^tecttonel^^ 
The signaJ of the image detected by to 
element 114 sent to « monitor 121 on which the 
image of the surface to be measured le produced. 

The reason tor there being a second Sghl source 
1 1 1 independently of first Dght souce 100 fa measure- 
ment purposes Is the following: 

The Ight from first light source 100 is emitted by 
pinhole plate 106 in the torm of a smai spot and is 
therefore not suttsd tor observing the oven!! image. 

In this embodiment dfctance measursment part 10 
is made compact, as was described above. Second U^A 
source 1 1 1 was therefore located wHNn dttanoe meas- 
urement part 10. However, ifurrination can also be 
placed outside distance measurement part 10. In this 
case. aftoerWumi nation system which is genersiyused 
to illuminate a microscope, e ring Iftumi nation system 
which is located on the tip of the elective lens and the 
like can be used 

Aswasdeecfeedabovtbythearrmr^ 
optical system for purposes of observation being com- 
prised of the second light source 111. lens 112. third 
beam sputter 113. and image detection element 114, 
locating of the measurement position can be easdy 
achieved. 

In the following, taking the distance measurement 
is described using the etocve described distance meas- 
urement part- 
Distance measurement part 10 is moved parallel to 
the surface of mask M by observing monitor 121. Dis- 
tance measurement part 10 is moved to a distance 
measursment position. 

Then, the motor of the Znrwernent device 11 tor 
the distance rrmsurement part is dnVen and the <fc- 
tance measurement part 10 is moved In the 2 olfaction. 
The intensity of the reflected light which Is incident on 
1irstlg*detscttondsvfce1Q5rsr^ 
position of the dstance measurement part 10 In the Z 
direction by encoder 12, encoder 12 being a position 
detector located in Z-rncvement device 11 for the dis- 
tance measurement part 

If Z-movement device 11 tor the distance measure- 
ment part te driven such that th ■ focal point of obj ective 
lens 1 10 on the object side intersects both the surface 
of mask M and also the surface of wortqpiecs W In one 
kxgrtudinaJ direction, strong reflected light is obtained if 
the surface of mask M or the surface of wonVpiece W 
reaches the tocal point of objective lens 110 on the 
object side, as was described above. Therefore, two 
strong peaks of intensity of the reflected light can be 
obtained with respect to the moved position. 

In arithmetic and logic unit 7a, these two peaks of 
Intensity of the reflected light are determined. Based on 
the output of encoder 1 2 as a position detector, at this 
time, the distance between the mask M and the work- 



piece W is computed. In the case in which Z-mcvement 
device 11 is not driven continuously tor the dstance 
maaauremant part but is driven Incremental from 
stage to stage, the amount of motion of one movement 

5 stageis set to an amount which is sutTcientry smaller as 
compared to the distance value. If Z-movement dance 
11 tor the dstance fneasurement part is stopped, the 
position signal determined by the encoder and the infor- 
mation on the intensity of the reflected light which is 

w detected by first fight detection device 105 is read in 
arithmetic and logic unit 7a. 

Rg. 5 is a schematic of a second embodiment of 
the distance measurement part 10 of the invention. In 
this entoodiment, a polarizing beam splitter and quarter 

15 wave plate are used. This prevents the light reflected by 
pinhole plate 108 from being incident in the first light 
detection device 105. In this way. the SAN ratio is pre- 
vented from decreasing. 

In the Fig. 5. the same parts as in Fig. 2 are pro- 

20 vided with the same reference numbers; but in this 
embodiment instead of the first beam splitter 102 in Fig. 
2, a polarizing beam spftter 1 02' is used and a quarter 
wave plate 116 is located in the optical path between 
pinhole plate 108 and second beam splitter 109. 

26 The process of Distance measurement in this 
embodiment is carried out fundamentally In the same 
manner as in the Rg. 2 embodiment In this embodi- 
ment the above described use of a polarizing beam 
spiittsr and quarter wave plate prevents the light 

# reflected by pinhole plate 108 from being Incident on 
first light detection device 105. as is described below. 

The light emerging from f irst Hght source 100 which 
is not polarized is converted by lens 101 into essentially 
parallel fight which is incident on polarizing beam splitter 

95 102'. The P polarized Sght passes through polarizing 
beam spitter 102' and is focused by means of lens 103 
on pinhole plate 108. In the case in which one part of 
the fight Is reflected by pinhole plate 108, this reflected 
fight passee unchanged through the polarizing beam 

40 apfttter 1 02* and returns to first SqM source 1 00 because 
it is P-polarized light with a P-poUrization direction. 

The S-polarized light is deflected in polarizing 
beam splitter 102* by an angle of 90 degrees and is inci- 
dent via lens 108 on second Ityht detection device 1 07. 

45 The output of second light detection device 107 Is sent 
to arithmetic and logic unit 7a, as was descrtoed above, 
and is used to caned the fluctuation of ths light intensity 
of first light source 100. 

The P-polarized light which has passed through 

so pinhole plate 108 te converted by quarter wave plate 
116 Into circular polarization, which is subsequently 
deflected by means of second beam spftter 109 by an 
angle of 90 degrees, is Incident in objective lens 110 
and is focused in the focal point on the object side. 

55 The reflected light with circular polarization which 
has been reflected by the surface 120 to be measured 
passee again through objective lens 110 and second 
beam splitter 1 09, is incident in quarter wave plate 1 1 6. 
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Is tocuMd on pinhole ptti 108. The S-pokrized fight 
which has passed through pinhole ptoto 108 is con- 
verted by tone 103 into Martially partial Ight and 
tfttrwa** to incident on polarizing beam ipftttr 102'. 5 
Tha reflected light with 1ha 8 polarization (fraction 
which la incident In polarizing baam apfittar 102* to 
deflected by an angle of 90 degrees, focused in toe first 
light datactlon device 105 by torn 104 and to incident 
therein, ro 

Aa was described above, In this antoa*ment, by 
using polarizing baam apfittar 102* and quarter wave 
plata 116. onry toe Bght reflected by surface 120 to be 
measured at the focal point on the object side can be 
Incident In first Ight detection device 105 without the is 
light reflected by pinhole plate 108 being incident in first 
light detection dart* 105. Therefore, the S/N ratio can 
t*tocreaaedandan>easurerner*tak™ 
tMty. 

In this ernbodiment the quarter wave plate 1 1 6 Is so 
located between pinhole plata 108 end second beam 
spitter 109. However. t» quarter wave plate 116 can 
be placed anywhere between pinhole plate 1 08 end the 
focal point on the object side, and at this site, the seme 
action as the onedeeoribed above can be obtained. « 

Furthermore, In this ernbociment It to a good Idea 
for the incident light with the circular polarization to be 
reflected unchanged by second beam spfrttsr 109. It is, 
therefore, not desirable to use a conductive, metafile 
mirror, which changee the pclartealton instead ol sec- so 
ond beam sputter 109. 

Additionally, the same action as theaiedeecribed 
above can aleo be obtained when the pcerion of the first 
liQht ejection device 105 is replaced by the position of 
tha first light sourcs 1 00 in Fig. 5. In this case, from the ss 
nonpolarized bght which has been emitted from first 
light source 100, the S-polartzed Bght passes through 
polarizing beam splitter 102* and lens 106 and to Inci- 
dent n second Ight detection device 107, while the P- 
polanzed light to deflected by an angle of 90 degrees 40 
and to focused by lens 103 onto pinhole plate 108. Fur- 
thermore, the fight incident on the quarter wave plate 
118 and reflected by tw surface 120 to be measured to 
coivertediraoP-polaiizedBgr^ 
ing beam spfitter 102* and to Incident In first ight detec- 45 
ton device 105. 

In the following, exposure to described using the 
proximity expoeurt device In this errtxxfrnerrt 

(a) Workpiece W to placed on workpiece carrier 3 so 
and attached by means of a vacuum suction device 
(not shown). 

(b) X-Y-1-Z carrier 5 to driven in the Z-directlon and 
wortpece W to caused to approach mask M. In « 
doing so, workplace W to moved in the Z-direction, 
the position signal being reed In by an encoder (not 
shown) which to located in X-Y-1-Z carrier 5. Work- 



place W to moved nearer until a desired dtotance 
value is essentially reached. In this step, the die* 
fence between mask M and workplace W doee not 
yet agree exactly with the desired dtotance. 

(c) In above described state (b) if necessary posi- 
tioning of mask M relative to workpiece W to per- 
formed This portioning to done such that mask M 
and wortspiece W are provided beforehand with 
alignment manes ana tries • alignment mans are 
observed with an aftpvnent microscope (not 
shown). This can be done both automatically and 
manuafiy. 

(d) Next for purposes of dtotance measure, the els* 
t&nce measurement part 10 to moved by meeneof 
the device for moving the distance measurement 
part to the X-Y ejections to a dtotance measure 
point Here, fine acfusfrnent of the measurement 
stle to performed. If necessary. For fine adjustment 
of the measurement site of dtotance measurement 
part 10. the optical system comprised of second 
Oght source 111. lens 112, third beam spfitter 113 
and image detection element 114 to used tor pur- 
poses of observation and the image shown In mon- 
itor121 to observed. For fine ad|ustment of dtotance 
measurement part 10. the device for moving the 
cfstance measurement part in the X-Y ejections 
can be used, or a micrometer for fine adjustment 
can be added. 

In the production of a fiquid crystal dtoplay 
device and a plasma cf splay panel (POP), the work- 
piece to made of glass. Therefore, here, the inten- 
sity of the fight reflected by the mask and the 
intensity of the light reflected by the workplace can 
be made essentially the same by the light flux of 
first Oght source 100 for measurement purposes 
being positioned exactly to the opening o< mask M. 
Thus, a measurement can be taken wfth high preci- 
sion. 

Fig. 6 is a schematic which shows a pixel of a 
coior liquid crystal cell and a projected image otf the 
pinholes on one example. As to shown in the draw- 
ing, a pixel of a color liquid crystal cell has translu- 
cent areas (openings) which corr e spond to R, G 
and B. Their width to roughly 50 m as to shown in 
the drawing. 

Here, a pinhole plate 108 is used in which 
cpening6 with a diameter or 1 2 rricrone are located 
next to one another spaced by dtotance 48 microns 
relative to one another In an area having a diameter 
of 125 microns, as was described above. If an 
objective tons 110 with a magnification of 5x to 
used, the projected Image of the pinholes on the 
color liquid crystal eel to reduced to 1/5 x. and it to 
located within the translucent area of 50 microns, 
as shown In Fig. 6. 

As was described above, an optical system for 
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purposes of observation is uMd which observes 
the monitor shown in monitor 121. and distance 
ihim remsnf part 10 it rnored such that the Image 
olthspWwtoisprojtcttdlntothttiniiucsnl^M 
o< the color iquid crystal ceil. Thus, the intensity of 5 
thslghtr^^byrm^MandmtintsnsHyoftw 
light rsf lected by workpiece W can bs mads esssn- 
tislly ths same, and thus, measurement with high 
precision can be achieved, as was described 
atxve. 10 

The case of a color Bquid crystal csl is shown 
using Fig. 6. In a POP (plasma display panel)* how- 
ever, by moving tie distance measursment part 10 
such that images of Ihe pinholes are protected Into 
the translucent areas, the intensity of the Itft f5 
reflected by mask M and the intensity of the Bght 
reflected by wori^iece W can be made assentaHy 
the same because a POP also has the same trans- 
lucent areas as In the above described example. 
Thus, measurement with high precision can be so 
achieved. 

In the case of a mask in which the above 
described pool (Melon exposure is done, determi- 
nation cm be performed with high sensitivity as in 
the above described example if, on pinhole plate * 
108. pinholes ars formed which have a sfee and 
arrangement which are taken into account such 
that the protected images of the pinholes are 
encompassed by one opening of the dvWed pat- 
tern. *> 

(e) After the dttanee measurement part 10 has 
been moved to the distance measurement point it 
is moved in the Z rjrection such that the local point 

of otftectfve lens 110 on the object side intersects ss 
both the surface of mask M as wel as th e eurtocs of 
workplace W In the longitudinal direction, as was 
described above. Thus, two peaks of the intensity of 
the reflected light are determined. Based on the 
output of encoder 12 ess position detector, at this aq 
time, the distance between mask M and woriqpiece 
W is computed and the deviation from the desired 
distance value computed. 

(f) The above deecrtoed actuations (d) and (s) are 46 
performed at at least three points on the mask sur- 
tacwworkpiece surface. Deviations of ihedtetance 
are determined. Distance caltoratton device 4 sets 
the tit of workplace W and the distance between 
wortytece W and mask M such that the above so 
described deviations are reduced. 

The above described actuations are repeated 
untM the deviations are less than or equal to an 
alowaUe value. The allowable value of the devia- 
tion is fixed suitably by the accuracy required for 66 
exposure of the component to be manufactured. To 
compute the deviations and tor corresponding dis- 
tance cafibrafion, known processes can be used 



which ere described in the publications cited, for 
example, in the prior art or the Hoe. 

(g) At the conclusion of cattxaion of the distance 
between mask M and workpiece w, the distance 
measurement part 10 end the 6k» are removed 
from the expoeure area. Afterwards, eapoeure light 
is emitted from UV irradiation part 1 , a given expo- 
sure carried out, and wortpieceWtra^ 

As was described abovs, with the invention the tol- 
lowing effects can be obtained: 

(1) Even in areas with a low reflectance factor, as 
on a glass surface, suffWsnt determination sensi- 
tivity can be obtained by the measure in which ths 
Bght emitted from the light source for measurement 
purposes Is irradiated via at least one pinhole and 
ths objective ions onto the mask and workpiece, in 
which the light which has passed through the objec- 
tive lemarto the at leest one pinhole and has been 
reflected by t>e mask and woriqjiece is detected by 
the 8ght detect io n ctarice, and In which the distance 
between the mask and workpiece is measured by 
this light intsnsity. Therefore, it is unnecessary to 
form reflection films, beam-optical elements end 
the Ike on the mask and woriqoiece. Thus, meas- 
urement anywhere on the mask surface snd work- 
piece surface is possfcie. Furthermore, the mask is 
prevent so irom Dooorrsng expensive. 

Additional it becomes possible, even In the 
case of a smal distance, to advantageously sepa- 
rate the Bght reflected from the mask from the tight 
reflected by the workpiscs. Therefore, interference 
of the light reflected by the mask with the light 
reflected by the workpiece does not occur. As a 
result, measurement and confirmation become 
possHewith high precision tor the dfetance desired 
during exposure 

The arrangement of tie workpiece carrier is 
moreover not fimfted and measurement anywhere 
is possible. 

(2) By the measure in which the pinhole plate com- 
prises several pinholes, even tor e workpiece with 
tow reflectance factor, as in a glass wortyiece, suf- 
ficient reflection intensity can be obtained and the 
Bght reflected from the mask can be advanta- 
geously separated from the light reflected by the 
wortyiece. 

Furthermore, the scattsr of the sensrtrvtty of the 
first light detection element with respect to the posi- 
tion of the ight which is incident in the tight detec- 
tion device can be averaged. Also, the fluctuation of 
the output value from the light detection device, in 
the case o< vtxatkn or position donation of ths pin- 
hole plate and the like, can be reduced. 

Moreover, the number of photons which reach 
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the light detection device per unit of time can be 
increased without tewing the irradtance of the 
first fight source. Thus, burning of the fight detection 
device m a reeuH of Increeting the irmiiance can 
be prevented. s 

(3) The measure in which, in tie distance meesure- 
ment pert there is a eeoond Ight detection device 
and by computing the output eigne* from tie fight 
detection device end the eecond fight detection ro 
device, the fluctuation of the fight intenety of the 
fight source for purpoeee of measurement ie cor- 
rected, when the light intensity of the Ight source 

tor measurement purposes fluctuates due toafluc- 
tuatton of the power source and the Ike. enables a iff 
measurement with high eccuracy to be taken with- 
out being affected by the ffcctuation of the Ight 
intensity of the fight source tor purposes of meas- 
urement 

to 

(4) Tne arrangement of tie polarizing beemepfitter 
and the quarter wave plate makes it possible to pre- 
vent the fight reflected by the pinhole plate from 
being incident in the fitf* detection device. There- 
fore, the 8/N ratio can be increased. » 

(5) The Images of the mask and workplace can be 
detected by the arrangement of the second light 
source end Image detection element. In this way, 

the site to be measured can be seedy positioned so 
and the site to be measured can be positioned 
exactly relative to the mask opening, even If the 
worl^ecelsavio^oo^spa^eiementsucheea^ 
uid crystal display device element, a plasma display 
panel, and tie like, * 

(6) The measure in which the crocs sectional shape 
of the fight flux from the fight source tor measure- 
ment purposes on the surface on which tie mask 
r^ern it formed has a shape wWch can be er^ *o 
passed by an opening formed in tie mask pattern 
area prevents the light from being masked by the 
rneteific Mm of the mask. Thus, the Intensity of the 
Kght reflected by the mask and the inteneity of the 
fight reflected by tie worte>ece can be made 45 
essentialy the same in a wortqpiece with a low 
reflectance factor, such as a gUrowcrivfece.Thus, 
distance measurement with high accuracy la ena- 
bled. 

so 

As was described above, in the proximity exposure 
device of the invention, the cfistance between the ma&k 
and the workplace can be measured with high preci- 
sion Therefore, the desired distance can be set with 
high precision by adjusting tie cfistance caJtonrtton so 
device using twee measurement data. 



Claims 

1. Proximity exposure device having distance adjust* 
ment device which comprises: 

- an utravtoiet radiation part for irradiation with 
UV radiation; 

a mask carrier part for holding a mask station- 
ary; 

- a worfcpiece carrier tor holdngewc^ 

state in which the wortqptece is adjacent to the 
mask with a distance therebetween; 

- a distance calibration device which is con- 
nected to the workpiece carrier for calibration 
of the distance between the wortqpiece and the 
mask; 

- a distance measurement part; 

a device for movement of the distance meas- 
urement part in a direction perpendicular to the 
mask and wortqpiece; 

- a position detector for determining the position 
of the distance measurement part; and 

- an arithmetic and logic unh for computing the 
distance between the mask and wor^ece 
from an output signal of tie fight detection 
device and from an output signal of the position 
detector; 

wherein 

- the cfistance measurement part comprises a 
light source for measurement purposes, a 
beam splitter, a pinhole plate comprising one or 
more pinholes, an objective lens and a light 
detection device; 

- the Kght source for measurement purpoeee is 
arranged relative to the distance measurement 
part in a manner causing the Ight emitted from 
the light source to be focused via the beam 
splitter onto the pinhole plate; 

• the pinhole plate is tocated at a site which rep- 
resents a focal point of the objective lens which 
is opposite a focaJ point on an object side; and 

- the light detection device ie located at a site 
where fight which has been reflected by the 
mask and workpiece and which has passed 
through the objective lens, the at least one pin- 
hole, and the beam spirtter can be detected. 

2. Proximity exposure device with distance adjust- 
ment device as claimed i n claim 1 , wherein the pf n- 
hole plate comprises a collection of several 
pinholes. 

3. Proximity exposure device with distance adjust- 
ment device as claimed In claim 1 , wherein 

- the cfistance measurement part is equipped 
with a second light detection device; 

• the beam splitter is aligned such that the light 
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from the light court* tor measurement pur* 
poses it divided into two parts, a first part of 
which * radiated onto the pinholt plate and a 
second oart of which it incident in tha tacond 
fight detection davica; 5 

- tha arttmetic and logic unit correct fluctua- 
tiomof tiiefi^intantity of a^figNtourcefor 
measurement purpotat in ratponta to output 
signals of tha Ight dataction davica and tacond 
Igmdetectk* device. 10 

4. Proximity exposure davica with dittanca adjust- 
ment device as daimed In daim 1, wherein: 

- tha beam aptitter it a polarizing beam sptitter 15 
wncn pouuizet iw ■grn emsxeo wom tne ngm 
source lor m n e ar trnent ourpoaat in different 
first and tacond polarization directions, fight 
wtth tha firtt polarization direction being 
passed thraugh and fight with tha tacond polar- 20 
ization direction being directed to tha fight 
aetecDon aevice, ana 

* a quarter wave plate it located in an optical 
path between tha pinhole plate and the local 
point on tha object sideot the objective lens, by as 
which quarter wave plate the light polarized by 
tha polarizing beam spatter win the first polari- 
zation direction is converted into a circular 
polarization, and at tha same lima, Bght 
reflected by tha mask and worteplece with the 50 
circular polarization is converted into fight with 
tha second polarization direction. 

& PrcDdmity exposure device with distance aojust- 
ment device as daimed in claims 1 , wherein: as 

- a second light source and image detection ele- 
ment is provided In the distance measurement 
P«rt 

• the second light eource is at a location at which 40 
Ight emitted therefrom wU be raxtiated through 
the objective lent onto the mask and work- 
piece; and 

where tn an vnege detection element it located 
at a site where images of tha mask and work- 4$ 
piece can be detected. 

6. PrcDdmity exposure device with dtetance adjust- 
ment device as daimed in daim 1 , wherein a mask 

it provided tor production of an imagt display ate- so 
menfc and wherein a croes-sectional shape of fight 
flux from the fight source on a surface on which the 
mask pattern is formed can be encompassed by an 
opening tormed in the mask pattern area. 

55 

7. Process tor determining the distance between a 
mask and a workpiece in a proximity exposure 
device using a distance measurement pail in which 



there are a fight source, a pinhole plate and an 
objective lent* comprising the tofiorfng ttept: 

• tocutlng Hght from the fight tource of the ctis- 
tance measurement part onto the pinhole 
plate; 

- placing tie objective lens in a beam path of the 
light between tha pinhole plate and tha object 
side on which the mask and wodpiece are 
located, such that a focal point of the objective 
lens which is located on the side of the objec- 
tive lens opposite an object side comae to rest 
on the pinhole piste; 

moving the distance measurement part in an 
eetentialy perpendicular direction to a mask 
and workpiece plane; 

- measuring the intensity of fight reflected from 
the object side with a first fight detection device 
after the reflected Bght hat pasted through the 
pinhole plate; 

• recording the measured fight intensity as a 
function of tha position of the distance meas- 
urement part and 

• establishing the positions of the distance 
measurement part at the two greatest meas- 
ured values of the intensity of the reflected light 
and computing the dstance of the mask and 
workpiece using these positions. 

8. Process aa daimed in claim 7, wherein the process 
steps are repeated at least three times in succes- 
sion, between which lateral displacement of the dis- 
tance mjejurement part relative to a position of 
prior passage is performed causing the light from 
the light source in the Distance measurement part 
to be focused on another area of the workpiece and 
mask. 

9. Process as daimed in daim 7, wherein a beam 
splitter is provided in the distance rnaasuament 
part between tha light source and pinhole plate for 
dividing the fight radiated from the light eource into 
two pant, a first part of which is passed onto the 
pinhole plate* and a seoond part of which is 
deflected into a second light detection device, fluc- 
tuations of the intensity of the irradiated light being 
measured on the basis thereof. 

10. Process as daimed in daim 9. wherein a polarizing 
beam spfittar is used aa the beam splitter; wherein 
the tight emitted from the fight source is polarized in 
a first polarization dfrection by the poiarizi ng beam 
eptitier and is pasted therethrough; and wherein 
fight with a tacond polarization direction which drf- 
ten from the first poiarization direction is incident in 
tha second light detection device. 

11. Process as claimed in daim 10, wherein a quarter 
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wave plate it located In an optica) pa* between the 
pinhole plate and t>etocal point on the object aide 
of tha cbfecaVs lane, by which quailaf wave plate 
tha Ight with tie first potariatfion olracaon la con- 
vartad into a drcUar polarization, and at tha aama 5 
time, tha Ight reflected from tha object side with the 
circular polarization la converted into Hght wfth the 
eacond polarization direction. 

12. Prcoaaawdaimad in claims to 
piata is provided with a pfuraity of pinhoiaa which 
art at a dajtance front ona another. 

13. Procaaa as claimed in dmm 7, wharain tha Ight 
emitted from tha first Ight sarca is oanarat ad wrth 15 
a cr o ss sectional shape which is encompassed by 

a translucent am In the mask surface. 

14. Process aa claimed in daim 7. wherein positioning 

of the clstance measurement part over the mask so 
and wortpiece is performed using a second ftght 
source and an image dete ct ion element which are 
located in tha distance measurement part Ight 
radiated from the second Ight source being radi- 
ated through the objective lana onto the maskand 26 
wortpiece and light reflected by mask or workpiec* 
being detected by the image detection element 
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FIG. 3 
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circular : circular polarization 
P : P-polarization 

S : S-potarization 
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